Microraman analysis of corundum crystallized by cryolite flux by Prieto Colorado, Carmelo et al.
- 83-
T
MICRORAMAN ANAL YSIS OF CORUNDUM CRYSTALLIZED
BY CRYOLITE FLUX
PRIETO COLORADO, A. C.*I, FERNANDEZ SANCHEZ, E. 1,LOPEZ-ACEVEDO,
V. 2andLOPEZ ANDRES, S.2
1FísicadelaMateriaCondensada,Cristalografiay Mineralogía.Facultad eCiencias.
UniversidadeValladolid.47005-Valladolid(Spain)
2 Cristalografiay MineralogíaFacultadde CienciasGeológicas.Universidad
Complutensed Madrid.28040-Madrid(Spain). .
Corundumiscrystallizedbydifferentmethods,amongthemVemeuil,Czochralskiand
flux growthgivethecrystalswiththebetterquality.The Vemueilmethodallosthe
obtentionof crystalswithsizeandqualityoptimalforjewelryapplications.Czochralski
corundumsgivehighqualitycrystalsfor technologicalpplications.The flux method
producescrystalsverysimilartonaturalcorundum.
Thechoiceof thegrowthmethodsdependsonseveralfactors.Ourchoiceof theflux
methodwasdueto theavailabilityof differentphasesformedwith thecomponents
involvedinthecorundumgrowthbythisprocedure.
Usuallythefluxesusedto crystallizecorundumare lead,bismuthandboronoxides
and/orfluorides(PbO,PbF2,Bi203'B203)'theproportionsofwhichcanbevaried.Also
othermixturescanbeused,thecomponentsofwhicharesodiumcarbonates,ulphates,
fluoridesandaluminatesandcryolite(N~AlFe).The highsolubilityof theAl203in
meltedcryoliteis the principIeof theHall-Heroultprocessfor the fabricationof
aluminum.Thisprocesstakesplaceattemperatureswellbelowthemeltingpointof pure
alumina,this is thereasonwhythecryoliteis an idealsolvento obtaincorundum
crystalswiththefluxmethod.
A mixtureof commerciallumi&andcryolitewithCr203asdopantanddye(in a
01.7:15:0:00.5g.proportion)hasbeenusedinthepresentwork.A platinuncrucible(h=
4 cmand0 = 3,6 cm)coveredwitha glassfibercapwasused.The fussionwas
performedin a mufllekilnat12000C.Themixturewasallowedto cooldownto room
temperaturein 24 hours.The identificationandpreliminarycharacterisationf the
productswereperformedbyopticaltrasmissiona dreflectionopticalmicroscopy(OM),
scannigelectronmicroscopy(SEM),x-raydispersedenergyqualitativechemicalanalysis
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(SEM+XDE),andx-Raydiffiaction(XRD).Thishasbeencoinplementedwithadetailed
microRamanstudyofthedifferentsidentifiedphasesohfthemelt.
Micro-RamanspectrawererecordedonaDILOR X-y ramanspectrometerattached
to ametallographicmicroscope.Theexcitationwasdonewitheither488.0or 514.5nm
linesof anAr+laser,focusebythemicroscopeobjective.Thescatteredlightwasalso
collecedby themicroscopeobjective.TheRamansignalspectrallyresolvedwiththe
spectrographandthedetectionwasdonewithaliquidnitrogencooledCCD:TheRaman
spectrawereobtainedinbackscatteringwiththelaserperpendicularto thesampleplaneo
The samplesweretwothinlayerscutalongplanesparallelandperpendicularto the
crucibleaxis.
Corundumplateswereidentifiedon thecruciblewallsneartheedge.Theseplates
werepinkcolored;theycanbeisolatedorformingbuncheswithsmallroseshapeupto 5
mmdiameterwithmicrometricthicknessand(0001)crystalorientation.At theoptical
microscopetheyshowhelicoidaldislocationsandsmallcrystalsparedoverthesurface,
whichwereidentifiedassodiumheptaluminuneleventhoxide(NaAl7011)bymicroRaman
andDRX. Theresidualmeltexhibitsanintenseyellowcolor(darkgreeninsomespecific
points).It is formedof fiberswithradialdistributionandopticallyisotroperoundgrains
inbetweenthefibers.Themorphologyof thesegrainscanbeassociatedwithavitreous
phase,witha poorcrystallinity,theRamanspectrumrevealsthepresenceof corundum
beneaththesegrains.Highermagnificationfthefibersrevealsthattheyareformedof a
tangleofalignedthinplates.Thespaceinbetweenplatesisfilledwithagranularmaterial
withvitreousaspect.Thismateriallhasbeenidentifiedasa cryolite,thecharacteristic
Ramanmodesof theCorundumarealsoobserved,thoughveryweak.Oneobservedas
wellthepresenceof octaedricstructuresonthecruciblewalls,whichwereassociated
with villiaumite(NaF). Also, somethickplateswithhexagonalshape,identifiedas
corundumandsmallhexagonalprisms,probablyrelatedto a-sodiumoxifluoride.TheJ
darkgreencoloredmaterialwascryolite,eskolaite(Cr203)andNasAlO4.
In conclusion,afullidentificat~ofthedifferentsolidphasesresultingof thecryolite
fluxgrowncorundumhasbeenachievedusingmicroRamanspectroscopy.
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